Objective: This research examined the relationship between plasma oxytocin (OT), arginine vasopressin (AVP), cortisol, and anxiety before, during, and after a massage in healthy adult men.
INTRODUCTION

Role of oxytocin, arginine vasopressin, and cortisol
The role of oxytocin (OT) is well known in relation to the onset and maintenance of labor and lactation. There is an expanding body of animal and human research that implicates OT as a neuropeptide involved in sociality, 1,2 and the management of stressful experiences. 3 Arginine vasopressin (AVP) is a closely related neuropeptide that also has been implicated in social behavior, but which tends to be associated with increases in stressful activity and activation of the hypothalamic-pituitary-adrenal (HPA) axis. Oxytocin and AVP are components of a complex interneuronal communication that is only beginning to be understood. 4 Noxious or arousing stimuli activate the HPA axis, tending to result in elevations in adrenal hormones, including cortisol. In animals and humans, the relationship between OT, AVP, and the stress response is complex. In some conditions, such as lactation, increases in OT activity have been associated with reductions in reactivity to stressors or perceived stress. 5 However, correlational studies in older women found that higher plasma OT levels were related to relationship stress and elevated HPA activity at baseline, and the OT levels did not change in response to stress nor were significantly associated with blood pressure or cortisol reactivity or recovery from stress tasks. 6 Heinrichs and colleagues 7 surmised that OT might have a role in an underlying biologic mechanism for stress-protective effects of positive social interactions. OT release during positive social interactions may buffer the response to stressors and reduce autonomic nervous system reactivity, thereby reducing heart rate and blood pressure. 3, 8 AVP may also modulate the stress response by balancing active versus passive coping strategies, depending on the mode of release in different areas of the brain. 4 Many animal and human behaviors associated with intense tactile stimulation and infant (pup) caretaking are also associated with an increase in OT levels. Positive benefits of tactile stimulation such as reduced tension and positive emotion also have been reported in the research conducted with adults. 9, 10 After tactile stimulation, increased weight gain, improvement in mother-infant interaction, and changes in behavior from sleep to a quiet alert state are some of the benefits observed in premature infants. [11] [12] [13] [14] [15] However, the specific underlying mechanisms contributing to these benefits are still unknown.
Determining the relationship between plasma OT, AVP, and cortisol in response to specific tactile and nontactile behavioral interventions may provide new information regarding the role of these potential biological stress mediators and provide evidence to support clinical applications. The purpose of the current research was to examine the relationship between plasma OT, AVP, cortisol, and anxiety before, during, and after a 20-minute massage (experimental condition) and a 20-minute reading period (control condition) in adult males. We hypothesized that after the administration of massage, but not reading, plasma OT levels would increase and AVP and cortisol levels would decrease concomitantly with a reduction in anxiety.
METHODS
Setting
The research was conducted at a midwestern university in the College of Nursing that offered quiet separate preparatory and massage rooms that were free of interruptions. The Institutional Review Board at the university approved the research protocol. The investigator obtained informed consent prior to enrollment.
Subjects
A total of 14 males were recruited and completed the study. Inclusion criteria included healthy males between 19 and 45 years of age who reported a positive experience with massage and were willing to complete two separate data collection sessions. Healthy males were selected to avoid potential female menstrual influence on OT, AVP, and cortisol levels.
Subjects were excluded if they had worked the 11 PM to 7 AM shift the day prior to the data collection session (to control for alteration in circadian rhythm) or consumed recreational drugs, over-the-counter medicine, physicianprescribed medications, or alcoholic beverages within 48 hours prior to the data collection session (e.g., antidepressants, steroids, diuretics, or hormonal therapy). Subjects were nonsmokers and were not taking medications for a psychiatric illness. Since sexual satiety in animals has been associated with an increase in OT levels, [16] [17] [18] subjects agreed not to have sexual relations at least 8 hours prior to arriving at the study site. Subjects also abstained from food and liquids other than water for 2 hours prior to the initiation of the study since ingestion of food may affect OT levels. 8 Finally, for their own safety, subjects were also not included in the study if they had known health restrictions or chronic illnesses such as diabetes or heart disease.
Conditions
Research subjects were randomly assigned to the order of two conditions: massage or a reading period. The control condition consisted of reading a National Geographic periodical (without sexual connotation) for a 20-minute period and the experimental condition consisted of a 20-minute shoulder massage administered by a certified massage therapist. A 15-20-minute massage has been previously shown to evoke a neuroendocrine response in infants and adult women. 9, 14, 19, 20 In adult women, an overall increase in OT was noted after a 15-minute massage and levels returned to baseline 30 minutes postmassage. 9 For the control (reading) condition, the subject was seated in a "Relax The Back" chair in a semireclining position with legs elevated and was alone where no conversation took place. During the experimental (massage) condition, the subject was prone on a padded massage table and the massage therapist administered the same massage to each subject. The massage occurred in the following progression: shoulders, upper arms, neck, upper back, and along the spine. Conversation during the massage was at the discretion of the subject based on their comfort level. All subjects initiated conversation with the massage therapist during their massage.
Protocol/procedure
The order of experimental and control conditions was randomized prior to the initiation of the study and the subjects were sequentially assigned to the randomized schedule. Data were collected on 2 days, 6-7 days apart. Each data collection session lasted approximately 90 minutes. A 20-gauge intravenous catheter was inserted peripherally in the vein of the hand or arm for drawing the blood samples at the designated times. Patency of the catheter was maintained with 0.9% normal saline.
After catheter insertion, the subject was escorted to the massage room for a 30-minute waiting period in the "Relax The Back" chair. During the control condition, the subjects remained in the "Relax The Back" chair. Vital signs were recorded while the subjects sat in the chair. For massage, the subjects were positioned prone on a padded massage table and vital signs were taken in that position pre-and postintervention.
A baseline blood sample was collected prior to the start of each condition, placed on ice, and then prepared for storage. Blood samples were also collected 15 and 30 minutes after initiation of the intervention. After each condition, vital signs were recorded and the six-item Spielberger State Anxiety Inventory (SAI) was completed. Upon completion of the data collection session, the intravenous catheter was removed. Blood samples were collected in purple-top ethylenediaminetetraacetic-containing 5 mL tubes (Becton Dickinson, Franklin Lakes, NJ). Plasma was separated by centrifugation (1600g for 15 minutes at 5°C) within 15 minutes of collection and then stored at Ϫ70 o C for no longer than 8 months. Each sample was aliquoted into three 2-mL polypropylene vials.
The following controls were included in the study design to minimize extraneous variables. The study was conducted between the hours of 1:30 PM and 9:00 PM and each subject participated at approximately the same time and experienced the same order of procedures for each of their two data collection sessions. The same registered nurse, certified in adult infusion therapy, inserted all peripheral catheters to minimize the stress related to catheter insertion and the same massage therapist administered the massage to each subject to minimize variability in the independent measure. One laboratory was designated to analyze the OT, AVP, and cortisol samples.
Outcome measures
Enzyme immunoassay of OT, AVP, and cortisol. Plasma OT, AVP, and cortisol were measured at each time point (see Protocol/procedure) using an enzyme immunoassay (EIA) purchased from Assay Designs, Inc. (Ann Arbor, MI). The assays were performed according to the manufacturer's instructions. For each of the three assays, precision was assessed by the variability between high and low controls, interassay and intra-assay coefficient of variation (CV), and intra-assay CV within known standards. Tests of accuracy resulted in a high correlation between expected and observed values. The EIAs are reported by the manufacturer to be highly sensitive (minimal detection rate ϭ 4.68 pg/mL OT, 3.39 pg/mL AVP, and 56.72 pg/mL cortisol) with very little antibody cross-reactivity for other neuropeptides or other steroid hormones. For the OT and AVP EIA kits, the crossreactivity between OT and AVP was Ͻ0.04%.
State anxiety. The six-item SAI was used to establish a baseline anxiety level 30 minutes post intravenous (IV) insertion and to test the hypothesis that anxiety would change as a function of massage versus the control condition since OT has been associated with anxiolytic effects. 21, 22 The SAI is a reliable and sensitive measure of current (state) feelings of anxiety. 23 Correlation coefficients greater than 0.90 were obtained using 4 and 6 items from the 40-item State-Trait Anxiety Index, and the reliability coefficient of the 6-item SAI was ␣ ϭ 0.82. The comparability of prorated scores from the 6 items with the use of the full 40 items was used to determine concurrent validity of the short-form of the SAI. 23 Autonomic measures. Autonomic measures consisting of tympanic temperature, heart rate (HR), respiratory rate, and blood pressure (BP) were obtained to establish a baseline prior to the two conditions and to identify any changes post intervention. OT and AVP have been implicated in central regulation of autonomic activity as reflected by cardiovascular function. 24 Statistical analysis. Demographic data were summarized with descriptive statistics. Analysis of variance with repeated measures (ANOVA) was used to test for differences between the two conditions. The factors in the model were the two interventions (massage/experimental and reading/control), timing of sample collection (pre, post), and the interaction of the control or experimental condition and the time of sample. For each of the independent, dependent, and miscellaneous variables the following analyses were conducted: simple summary statistics of the variables, simple summary statistics on the change from baseline of the variables, the p values from the ANOVA model, and estimates (least-square means) from the ANOVA model. Pearson's correlation coefficient was calculated to examine the correlation between plasma OT, AVP, cortisol, SAI, and the control and experimental conditions. All analyses were conducted using SAS (version 9.1.3; Cary, NC). An ␣ of 0.05 was used to determine whether any significant differences existed.
RESULTS
Fourteen (14) healthy males were enrolled and completed both data collection sessions. Subjects were inclusive of three races: white (11), Hispanic (2), and Korean (1) and ranged in age from 23 to 45 years.
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OT, AVP, and cortisol plasma levels
Mean plasma OT, AVP, and cortisol levels are shown in Figures 1-3 . Plasma OT baseline values ranged from 99.7 pg/mL to 420.6 pg/mL in the control, reading condition and from 96.0 pg/mL to 373.2 pg/mL in the experimental, massage condition. Variability was noted between different subjects for the baseline plasma OT levels. Overall, the plasma OT increases observed during each intervention in each subject remained within a range of two times their baseline level with the exception of 1 subject. During the experimental condition, this subject had a baseline value of 179.9 pg/mL that then increased to 748.8 pg/mL at the 15-minute time interval that possibly corresponded to obtaining the sample during a pulse release of OT. The subsequent plasma OT level at the 30-minute time interval decreased to 228.1 pg/mL.
Plasma AVP baseline levels ranged from 2.3 pg/mL to 75.3 pg/mL in the control condition and from 2.4 pg/mL to 96.6 pg/mL in the experimental condition. An extreme maximum value of 243.8 pg/mL was reported in 1 subject at the 15-minute time interval during the experimental condition. Plasma cortisol levels ranged from 106.6 ng/mL to 146.3 ng/mL in the control condition and from 100.3 ng/mL to 154.5 ng/mL in the experimental condition. One sample was lost in the control condition at the 30-minute time interval due to laboratory error. One additional sample in the control condition at baseline (a different subject) and the three samples in the experimental condition (also a different subject) were out of detection range for the AVP assay and no value was obtained. Analysis was conducted without values at these timepoints. There were no significant differences in plasma OT, AVP, and cortisol levels between the control and experimental conditions. The least-square means and confidence intervals were calculated to estimate the mean change in plasma OT, AVP, and cortisol levels from baseline to the 15-minute and 30-minute time points (Table 1 ). Significant mean changes in plasma OT levels (p Ͻ 0.05) were associated with both the reading and massage conditions as indicated by the increases from baseline to the 15-minute and 30-minute time intervals. No significant mean changes in plasma AVP levels were observed. However, plasma cortisol levels increased significantly from baseline to the 15-minute time point (p Ͻ 0.05). This significant increase in plasma cortisol did not impact the overall p values when assessing the interaction of the time intervals in both conditions. Table 2 summarizes the SAI scores. In both conditions, the SAI overall score decreased from pre-to post-intervention (p Ͻ 0.05), indicating that the subjects were less anxious after the control or experimental intervention. However, no significant differences between the control and experimental conditions were identified. When both conditions were combined, a significant difference existed (p Ͻ 0.05) between pre-and post-SAI scores for the items "I feel calm" and "I am relaxed." A significant difference (p Ͻ 0.05) between the control and experimental conditions for the items "I feel calm" and "I am worried" was observed. However, there were no significant interactions between pre-and post-SAI scores and both conditions for each of the six individual items.
State anxiety
Pearson correlation coefficients were conducted to determine the relationships between the control and experimental conditions and OT, AVP, and cortisol levels. In the control condition, whether or not the aforementioned outliers were removed, there was a significant positive correlation between plasma AVP and the SAI (r ϭ 0.47, n ϭ 25, p ϭ 0.016). In the experimental condition, a significant positive correlation was observed between plasma AVP and plasma cortisol (r ϭ 0.63, n ϭ 24, p ϭ 0.001).
Autonomic responses
The autonomic measures consisting of tympanic temperature, heart rate, respiratory rate, systolic and diastolic BP were obtained 30 minutes post IV insertion to establish a baseline prior to the two conditions and to identify any changes postintervention. No significant differences were observed between the control and experimental conditions for each of the autonomic measures. Although this was a small sample, the subject lying prone during the massage condition and sitting in a chair during the reading condition did not impact the autonomic measures in this study.
DISCUSSION
Regardless of the intervention (control/reading or experimental/massage), plasma OT levels increased significantly from baseline to the 15-and 30-minute time point in healthy men. This finding did not support the original hypothesis that the tactile stimulation via massage, but not the reading intervention, would elicit an increase in peripheral OT levels. It is unknown why similar increases in plasma OT levels occurred whether the subjects were reading or receiving massage. However, both conditions may have reduced stressful environmental stimuli and stress reactivity as suggested by the decrease in anxiety as indicated by the SAI scores. The reduction in stress could further influence OT levels. Bastani and colleagues 25 studied relaxation training as a function of reducing anxiety among pregnant women using the Spielberger State Trait Anxiety Inventory and reported reduced anxiety with specific relaxation techniques. The neuroendocrine effects of relaxing quietly are not known; however, one could speculate that a 20-minute relaxation period with minimal movement, in a supine position, while reading a nonthreatening periodical may be an effective means to reduce anxiety. The results of our study do support the biologic validity of EIA measurement of OT. However, additional research is needed to better understand potential mechanisms responsible for the increased plasma OT levels.
Previous research, using radioimmunoassay (RIA), to measure plasma OT generally reported basal levels in men and women to be less than 10 pg/mL. [26] [27] [28] Utilizing EIA, the baseline mean plasma OT levels in our current study were 223 pg/mL in the control condition and 217 pg/mL in the experimental condition. These levels were similar to the plasma OT levels we measured in our pilot studies using EIA. Our values for plasma OT measured via EIA are also similar to those found by two other investigators. Zak and colleagues * demonstrated that the receipt of a signal of trust was associated with increased plasma OT levels ranging between 200 and 350 pg/mL. Taylor and colleagues 6 reported that plasma OT levels in postmenopausal women did not change as a function of a social stressor, the Trier Social Stress Test. Their plasma OT levels ranged between 195 and 220 pg/mL, consistent with the baseline plasma OT levels in our study. This is the first study to measure plasma AVP in relation to a massage in human subjects. Several of the known behavioral and autonomic consequences of AVP are opposite to those of OT; 3 however, in this study no correlation between OT and AVP was identified. Additionally, there were no significant differences observed between the control and experimental conditions for plasma AVP or plasma cortisol.
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Results of previous animal and human research suggest that the relationship between OT and the stress response is complex. The influence of OT on the HPA axis has been studied less in humans and has been associated with different levels of HPA axis reactivity. 5, 6, 30, 31 As observed in the findings reported here and in earlier human research, an increase in plasma OT levels is not always associated with lower HPA axis reactivity. 6, 32 Interestingly, massage in healthy adult men was not correlated with a decrease in plasma cortisol as reported in previous research with premature infants. 19 White-Traut and colleagues * observed that full-term infants who received a tactile-only stimulation in the form of massage or no stimulation experienced an increase in salivary cortisol levels, while infants who received a multisensory intervention consisting of talking to the infant, massage, eye contact, and rocking showed a steady decline in salivary cortisol levels. In the findings presented here, the research subject was alone during the control condition and engaged in conversation with the massage therapist during the experimental condition. It could be speculated that the perception of tactile and other stimuli could be interpreted differently by infants and adults, thereby influencing stress, anxiety, and relaxation differently, resulting in different neurohormonal responses. It is useful to note that the cortisol values measured here by EIA, when converted into similar units (12.0 g/dL and 11.8 g/dL in the control and experimental conditions, respectively), are consistent with previous levels (8.81 g/dL) reported for healthy men between 20 and 49 years of age, using the RIA method of analysis. 33 Turner et al. 9 suggested that peripheral secretion of OT in response to emotional stimuli is associated with the individual's own circumstances. In addition to anxiety, other emotions and circumstances may have influenced the SAI scores found in the present study. A significant change existed from pre-to post-SAI scores in both conditions for the combined individual items of "I feel calm" and "I am relaxed." Furthermore, a significant difference existed between the two conditions for the individual items of "I feel calm" and "I am worried," with the experimental condition having lower anxiety scores. However, no significant interactions were observed between the two conditions and the pre-and post-SAI scores for each of the six individual items. During the experimental condition, an increase in plasma AVP levels was correlated with an increase in plasma cortisol levels. This correlation is consistent with research in the animal model where AVP is associated with an increase in the sympathetic nervous system functions associated with behaviors such as enhanced arousal, attention, or aggression, and the HPA axis responds to arousing or noxious stimuli increasing the levels of HPA hormones such as cortisol. 33 A negative correlation between plasma OT and plasma AVP and plasma OT and plasma cortisol was expected but was not observed in this study. Little is known about the underlying biochemical effects of positive tactile stimulation on neuropeptides, and the effects on humans may be very different than in animal models.
This study was limited by the small sample size. A wide range between the lower and upper confidence intervals existed; therefore, a larger sample size may assist in decreasing the variability between subjects and facilitate interpretation of the data. These results provide promising advancements for future research, and a larger sample size may provide further interpretation and direction from the correlations calculated in our study. Plasma OT, AVP, and cortisol levels may have been influenced by the interruption of the massage. Sampling times of blood were designed to be minimally intrusive during the experimental condition so as not to dilute the effects of the massage. However, inserting an intravenous catheter could have influenced anxiety levels of the subjects even though there was a 30-minute rest period post IV insertion. Collecting plasma OT samples is further complicated by the pulsatile secretion and short half-life of OT. Optimal methods and time to collect peripheral plasma OT samples warrant further research.
RECOMMENDATIONS FOR FUTURE STUDIES
The majority of studies examining neuropeptides and social behavior have used animal models, and it is not known whether similar results would be found in human subjects. The need for improved sensitivity and assay technology to study neuropeptides in humans still remains. 3 In addition, establishing an appropriate, neutral (nonrelaxing but nonstressful) control condition presents a challenge. Plasma OT levels may have increased due to general relaxation and reduction of anxiety that were unrelated to the massage. In future studies, it may be beneficial to consider a floor effect and introduce a stressor or include a stressed subject population. Additional research is warranted to expand our understanding of the relationship of OT, AVP, and cortisol levels in humans with positive social interactions and its impact on health and illness.
